Introduction {#S0001}
============

Prostate cancer (PCa) ranks as the second most common malignant tumor and the fifth leading cause of cancer-related death in men all over the world,[@CIT0001] which seriously threatens the health of older men. Therefore, early and accurate detection of clinically significant lesions requiring intervention is extremely important for individual prognosis.

Although prostate-speciﬁc antigen (PSA) is an indicator that has been widely used to select men for prostate biopsy, overdiagnosis and subsequent overtreatment have always been an inevitable problem. In an aim to improve the sensitivity and specificity of PCa diagnosis, other PSA-derived markers, including free PSA (fPSA), free-to-total PSA ratio (f/t), PSA density (PSAD), PSA velocity, etc., have been proposed.[@CIT0002],[@CIT0003] Although many studies have shown that these indicators improved the accuracy of PCa detection, they are suboptimal and insufficient for early and accurate PCa detection.[@CIT0004]

Multiparametric MRI (mpMRI) has the advantages of being noninvasive and non-radiation, with high-resolution and simultaneous functional imaging, and it has been recognized as the preferred strategy for PCa detection. In 2015, the Prostate Imaging Reporting and Data System version 2.0 (PI-RADS v2) was promulgated, which aims to provide criterion for interpreting mpMRI and to set up standardized report to detect clinically significant PCa (csPCa) accurately.[@CIT0005] Since the publication of PI-RADS v2, many studies have validated its high accuracy and reproducibility in diagnosing csPCa.[@CIT0006]--[@CIT0009] However, the PI-RADS v2 scoring criterion is only based on visual assessment about the findings of mpMRI and does not involve other clinical information of patient.[@CIT0005]

In order to better evaluate the individual risk of PCa, several PCa risk calculating models have been developed and validated, such as the Prostate Cancer Prevention Trial Risk Calculator (PCPT-RC), the European Randomized Study for Screening of Prostate Cancer Risk Calculator (ERSPC-RC) and the Chinese Prostate Cancer Consortium Risk Calculator (CPCC-RC),[@CIT0010]--[@CIT0012] all of which including multiple clinical factors and have a good performance in predicting the risk of PCa; however, none of them take the prostatic mpMRI into account.

Nomogram is a widely used predictive tool that simplifies the statistical prediction models of clinical events into simple pictorial representations and can be tailored to patient's profile.[@CIT0013],[@CIT0014] A user-friendly graphical interface motivates the use of nomogram for clinical decision-making. Therefore, the primary objective of this study was to develop and validate a nomogram for detecting csPCa that incorporated the PI-RADS score and other classical clinical risk factors, so as to assist in clinical decision-making.

Patients and Methods {#S0002}
====================

Patient Population {#S0002-S2001}
------------------

This retrospective study was authorized by the institutional review board at the Second Affiliated Hospital of Soochow University and waived the requirement for the written informed consent for all patients because this study only retrospectively extracted the patient's data without any intervention, which will not have any impact on the patient's outcome. All patient data were maintained with confidentiality and compliance with the Declaration of Helsinki. Between February 2015 and October 2018, a total of 2,570 consecutive patients with elevated PSA levels (\>4 ng/mL), abnormal digital rectal examination (DRE), or urinary symptoms went to our department for prostatic mpMRI examination. Patients recruited from February 2015 to October 2017 were included in a development cohort (DC) and those from November 2017 to October 2018 were put into a validation cohort (VC). A flowchart detailing the recruitment is shown in [Figure 1](#F0001){ref-type="fig"}.Figure 1Flow diagram outlining patient selection.**Abbreviations:** TURP, transurethral resection of the prostate; PCa, prostate cancer; PSA, prostate-specific antigen.

MRI Protocols and Imaging Interpretation {#S0002-S2002}
----------------------------------------

All patients underwent prostatic mpMRI examination using a 3.0 T MRI scanner (Ingenia; Philips Healthcare, Best, the Netherlands). MRI protocols including T1-weighted and T2-weighted imaging, multi-b values diffusion-weighted imaging, and dynamic contrast-enhanced MR imaging. The imaging parameters of each scanning sequence are shown in [[Supplementary Information](https://www.dovepress.com/get_supplementary_file.php?f=250633.docx)]{.ul}([[SI 1](https://www.dovepress.com/get_supplementary_file.php?f=250633.docx)]{.ul}), which were set according to PI-RADS v2.[@CIT0005]

Two relatively experienced urogenital radiologists, who were blinded to patients' clinical information, retrospectively and independently interpreted prostatic mpMRI according to PI-RADS v2 guidelines.[@CIT0005] If a suspicious lesion was found, both the location and PI-RADS score would be recorded. Any disagreement on the interpreted results between the two radiologists was resolved by a third senior urogenital radiologist. If multiple lesions were present, the PI-RADS score would be assigned to the lesion with the largest size or the most malignant feature (i.e., extraprostatic extension). The MRI-measured prostate volume (PV) is calculated according to the ellipsoid volume formula ([[SI 2](https://www.dovepress.com/get_supplementary_file.php?f=250633.docx)]{.ul}). PSAD is obtained by dividing total PSA (tPSA) by PV.

Histopathology Acquisition {#S0002-S2003}
--------------------------

The prostate biopsies were performed by an ultrasound physician with the aid of transrectal ultrasound (TRUS). All patients underwent a systematic biopsy, from which ten cores were biopsied from base to apex (six in the peripheral zone and four in the transitional zone). MRI-TRUS fusion biopsy with 2--3 cores was specifically applied to lesions of highly suspected PCa on mpMRI. Some patients underwent radical prostatectomy, which were confirmed to be PCa by biopsy and recommended for radical prostatectomy according to the National Comprehensive Cancer Network (NCCN) guidelines.[@CIT0015] An experienced uropathologist reviewed all the pathological sections. All PCa lesions were assigned Gleason scores (GS) according to the 2005 International Society of Urogenital Pathology (ISUP) guidelines.[@CIT0016] For this study, csPCa was defined as GS ≥ 3+4, and/or a volume ≥ 0.5 cm^3^ (diameter ≥ 10 mm), and/or extraprostatic extension, which is in accordance with PI-RADS v2 guidelines.[@CIT0005]

Statistical Analysis {#S0002-S2004}
--------------------

The categorical variables were presented as frequency (percentage), and continuous variables were displayed as $\documentclass[12pt]{minimal}
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\end{document}$ or median (interquartile range), as appropriate. The Shapiro--Wilk test and Levene's test were used for testing the normality and homoscedasticity of the variables, respectively. The Chi-squared test was used to identify the difference in the prevalence of csPCa between the DC and VC. Independent sample *t*-tests or Mann--Whitney *U*-tests were applied where appropriate to determine significant differences in all variables between the DC and VC, as well as between csPCa and non-csPCa groups in the two cohorts.

In the DC, multivariate regression analysis, including the classical clinical candidate factors (age, tPSA, fPSA, PV, f/t, and PSAD), was used to determine independent clinical predictors for csPCa. Odds ratio and 95% confidence interval (CI) were determined. Binary logistic regression was applied to combine independent clinical factors to construct traditional prediction model1; then, a new prediction model2 was developed by adding PI-RADS score to model1. The nomogram for evaluating the incidence rate of csPCa was then built based on model2.

Receiver operating characteristic (ROC) curve analysis was performed on different variables and models in the DC and VC, and the area under the ROC curve (AUC) was used for evaluating the performance in discriminating patients with or without csPCa. Performance differences were evaluated via pairwise comparisons of AUC, using the method developed by DeLong et al.[@CIT0017] Net reclassification improvement (NRI) analysis was introduced as a complementary method to ROC analysis by Pencina et al.[@CIT0018] Therefore, NRI was also calculated to evaluate whether the nomogram of PI-RADS-based model2 could improve patient classification.

Furthermore, the calibration curves were depicted in the DC and VC to estimate the agreement between the estimated risk of nomogram and the actual risk about csPCa. The Hosmer--Lemeshow goodness-of-fit test was also performed to judge the fitting quality of the nomogram, and a result of P\> 0.05 indicated well calibrated.

In addition, the clinical utility of the nomogram was further evaluated in the VC by decision curve analysis, which was described by Vickers and Elkin.[@CIT0019] The net benefits of a series of different threshold probabilities (*Pt*) are quantified into an equation ([[SI 3](https://www.dovepress.com/get_supplementary_file.php?f=250633.docx)]{.ul}). Where *Pt* is the probability at which the effect of a false-positive intervention is equal to the effect of a false-negative non-intervention.[@CIT0019]

All statistical analysis was conducted using R package version 3.5.1 (R foundation for Statistical Computing, Vienna, Austria, [<http://www.R-project.org>]{.ul}) and SPSS 22.0.0 (IBM, New York, NY, USA). All P-values were bilateral and a P-value of less than 0.05 was considered statistically significant.

Results {#S0003}
=======

Clinical Characteristics of the Patients {#S0003-S2001}
----------------------------------------

Finally, 826 patients were recruited for this study (573 patients in DC and 253 patients in VC). No significant difference appeared in csPCa prevalence between the DC and VC (28.8% vs 26.5%, P= 0.596). Although the patients were recruited at different time periods, there were no significant differences between the DC and VC in all variables (PI-RADS score and other clinical factors) (P \> 0.05). The baseline characteristics of the two cohorts are shown in [Table 1](#T0001){ref-type="table"}.Table 1Baseline Characteristics of Patients in the Two CohortsVariablesDevelopment CohortValidation Cohort$\documentclass[12pt]{minimal}
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\end{document}$/*t*/*Zp* valueNo. of patients573253No. of csPCa (%)165(28.8)67(26.5)0.4650.495^a^Age (years)69.93±8.41770.00±8.026−0.1160.907^b^tPSA (ng/mL)10.99(7.08--19.075)10.58(6.32--16.695)1.1550.248^c^fPSA (ng/mL)1.540(0.9115--2.73)1.440(0.938--2.465)0.6270.531^c^PV (mL)49.47(32.86--74.17)50.83(35.18--73.29)−0.3310.741^c^f/t0.136(0.097--0.194)0.147(0.105--0.194)−1.2160.224^c^PSAD (ng/mL/mL)0.211(0.128--0.383)0.186(0.119--0.383)1.4050.160^c^PI-RADS score0.8430.399^c^ 2253(44.2%)120(47.4%) 398(17.1%)39(15.4%) 4114(19.9%)52(20.6%) 5108(18.8%)42(16.6%)[^2]

Developed Nomogram {#S0003-S2002}
------------------

Univariate analysis indicated distinct differences between the csPCa and non-csPCa groups in PI-RADS score and all other clinical variables, both in the DC and VC (P \< 0.05, [Table 2](#T0002){ref-type="table"}). In the DC, multivariate regression analysis demonstrated that age, f/t, PV, and PSAD were independent predictors in detecting csPCa (P \< 0.05, [Table 3](#T0003){ref-type="table"}). Since the PSAD was obtained by dividing tPSA by PV, and to avoid introducing a confounding factor, the final constructed model excluded PV with smaller AUCs compared with PSAD. Therefore, the traditional prediction model1 finally integrated three clinical factors: age, f/t, and PSAD. And then added the PI-RADS score to the three clinical factors to develop a new prediction model2 ([Table 4](#T0004){ref-type="table"}). The regression equations of the two models are shown in [[SI 4](https://www.dovepress.com/get_supplementary_file.php?f=250633.docx)]{.ul}, and the individual incidence of csPCa was simultaneously calculated according to another equation ([[SI 5](https://www.dovepress.com/get_supplementary_file.php?f=250633.docx)]{.ul}). Then, the individualized prediction nomogram was built based on the model2 ([Figure 2](#F0002){ref-type="fig"}).Table 2Univariate Analysis in the Development and Validation CohortsVariablesDevelopment Cohort (n=573)Validation Cohort(n=253)csPCa (n=165)Non-csPCa (n=408)*t/ZP*csPCa (n=67)Non-csPCa (n=186)*t/ZP*Age(years)73.48±7.52368.49±8.3406.970\<0.001^a^72.03±7.81869.27±7.9942.4640.015^a^tPSA(ng/mL)16.57 (9.495--41.705)9.6 (6.39--15.61)7.518\<0.001^b^15.87 (10.98--36.91)9.01 (5.60--13.85)5.597\<0.001^b^fPSA(ng/mL)1.91 (1.080--3.950)1.37 (0.8463--2.408)4.652\<0.001^b^1.76 (1.08--3.27)1.375 (0.86--2.091)2.3930.017^b^PV (mL)38.22 (26.84--53.34)56.04 (37.97--81.45)−7.173\<0.001^b^38.20 (26.96--51.32)58.41 (39.10--76.81)−4.826\<0.001^b^f/t0.118 (0.0784--0.161)0.148 (0.104--0.207)−5.132\<0.001^b^0.094 (0.076--0.148)0.157 (0.127--0.209)−6.209\<0.001^b^PSAD (ng/mL/mL)0.447 (0.241--1.072)0.172 (0.114--0.274)11.242\<0.001^b^0.459 (0.209--1.070)0.156 (0.101--0.237)7.426\<0.001^b^PI-RADS score14.416\<0.001^b^9.318\<0.001^b^ 213(7.88%)240(58.82%)5(7.46%)115(61.83%) 317(10.30%)81(19.85%)7(10.44%)32(17.20%) 446(27.88%)68(16.67%)23(34.33%)29(15.59%) 589(53.94%)19(4.66%)32(47.76%)10(5.38%)[^3] Table 3Multivariate Logistic Regression Analysis in the Development CohortVariablesOR95% CI*p* value*β*tPSA (ng/mL)0.9780.932--1.0260.360−0.002fPSA (ng/mL)1.2170.982--1.5090.0730.197f/t0.0010.000--0.0700.002−7.509Age (years)1.1121.078--1.148\<0.0010.107PV (mL)0.9800.966--0.9930.003−0.021PSAD (ng/mL/mL)12.2362.088--71.6980.0062.504Constant----\<0.001−7.306[^4] Table 4Binary Logistic Regression About Prediction ModelvariablesModel 1Model 2OR95% CI*p* value*β*OR95% CI*p valueβ*f/t0.0150.001--0.2800.005−4.2230.0140.001--0.3770.011−4.273Age (years)1.0911.060--1.124\<0.0010.0881.0691.035--1.105\<0.0010.067PSAD (ng/mL/mL)23.14310.464--51.183\<0.013.1426.3932.857--14.307\<0.011.855PI-RADS =2RefPI-RADS =31.9470.844--4.4930.1180.666PI-RADS =47.9013.913--15.955\<0.0012.067PI-RADS =528.75812.782--64.702\<0.0013.359Constant----\<0.001−7.686----\<0.001−7.248[^5] Figure 2Developed nomogram based on PI-RADS score and other clinical factors.**Note:** The nomogram mapped the predicted probability of each variable into points on a scale from 0 to 100, and the total point accumulated by each variable corresponds to the integrated predicted probability of csPCa.**Abbreviations:** f/t, free-to-total prostate-specific antigen ratio; PSAD, prostate-specific antigen density; PI-RADS score, Prostate Imaging Reporting and Data System score; csPCa, clinically significant prostate cancer.

Validated Nomogram {#S0003-S2003}
------------------

The ROC curve analysis indicated that the PI-RADS-based nomogram possessed good discrimination. In the DC, the AUC of the nomogram was 0.894 (95% CI, 0.863--0.926), while the AUC of model1 and the other single clinical predictors were significantly lower (all P \< 0.05), with an AUC of 0.829, 0.863, 0.800, 0.673, and 0.670 for model1, PI-RADS score, PSAD, f/t, and age, respectively. As in the DC, similar results were noticed in the VC. The AUC of the nomogram was 0.891 (95% CI, 0845--0.936), which was higher than that of model1 and other single predictors (all P \< 0.05). Specific results for ROC curve analysis are shown in [Table 5](#T0005){ref-type="table"}, [Table 6](#T0006){ref-type="table"} and [Figure 3](#F0003){ref-type="fig"}. NRI analysis indicated that the nomogram had improved patient classification in both the DC (NRI = 0.128) and VC (NRI = 0.163) compared to model1.Table 5ROC Curve Analysis in the Development CohortParametersThresholdAUCSE (%)SP (%)PPV (%)NPV (%)*p* valueAge (years)\>690.670(0.623--0.718)69.70(62.1--76.6)56.86(51.9--61.7)39.5(33.9--45.4)82.3(77.3--86.5)\<0.0001tPSA (ng/mL)\>15.980.700(0.651--0.749)53.33(45.4--61.1)77.70(73.3--81.6)49.2(41.6--56.7)80.5(76.2--84.3)\<0.0001fPSA (ng/mL)\>1.730.624(0.573--0.675)60.00(52.1--67.5)60.29(55.4--65.1)37.9(32.0--44.1)78.8(73.9--83.2)\<0.0001PV (mL)≤49.990.691(0.645--0.738)71.52(64.0--78.3)57.84(52.9--62.7)40.7(35.0--46.6)83.4(78.5--87.5)\<0.0001f/t≤0.1420.637(0.587--0.686)70.91(63.3--77.7)53.19(48.2--58.1)38.0(32.5--43.7)81.9(76.7--86.3)\<0.0001PSAD (ng/mL/mL)\>0.3070.800(0.758--0.841)64.85(57.0--72.1)80.64(76.5--84.4)57.5(50.1--64.7)85.0(81.1--88.4)\<0.0001PI-RADS score\>30.863(0.830--0.897)81.82(75.1--87.4)76.68(74.4--82.6)60.8(54.1--67.3)91.5(88.0--94.2)0.0006Model1\>0.3490.829(0.790--0.867)61.82(53.9--69.3)89.46(86.1--92.3)70.3(62.2--77.6)85.3(81.6--88.5)\<0.0001Model2\>0.3050.894(0.863--0.926)80.0(73.1--85.8)84.07(80.1--87.5)67.0(60.0--73.5)91.2(87.9--93.9)Ref[^6] Table 6ROC Curve Analysis in the Validation CohortParametersThresholdAUCSE (%)SP (%)PPV (%)NPV (%)*p* valueAge (years)\>680.605(0.527--0.683)70.15(57.7--80.7)46.24(38.9--53.7)32.0(24.5--40.2)81.1(72.4--88.1)\<0.0001f/t≤0.1110.756(0.687--0.825)61.9(48.5--72.9)83.87(77.8--88.8)57.7(45.4--69.4)85.7(79.8--90.5)0.0006PSAD (ng/mL/mL)\>0.2820.806(0.742--0.870)73.13(60.9--83.2)80.11(73.6--85.6)57.0(45.8--67.6)89.2(83.5--93.5)0.0022PI-RADS score\>30.859(0.809--0.910)82.09(70.8--90.4)79.03(72.5--84.6)58.5(47.9--68.6)92.5(87.2--96.0)0.0089Model1\>0.3820.820(0.760--0.880)59.70(47.0--71.5)89.78(84.5--93.7)67.8(54.4--79.4)86.1(80.4--90.6)0.0010Model2\>0.2380.891(0.845--0.936)85.07(74.3--92.6)81.18(74.8--86.5)62.0(51.2--71.9)93.8(88.9--97.0)Ref[^7] Figure 3ROC curve analysis in the development (**A**) and validation (**B**) cohorts.**Abbreviations:** tPSA, total prostate-specific antigen; fPSA, free prostate-specific antigen; PV, prostate volume; f/t, free-to-total prostate-specific antigen ratio; PSAD, prostate-specific antigen density; PI-RADS, Prostate Imaging Reporting and Data System.

The calibration curve of the nomogram showed a good agreement between the predicted probability and the actual risk of csPCa in both the DC and VC ([Figure 4](#F0004){ref-type="fig"}). The ideal red diagonal line fell within the light-yellow area that the 95% CI of the actual fitted curve based on the predicted and observed probabilities. The Hosmer-Lemeshow goodness-of-fit test also indicated that the PI-RADS-based nomogram was almost a good fit in both the DC (P = 0.330) and VC (P = 0.831).Figure 4Calibration curve of the nomogram in the development (**A**) and validation (**B**) cohorts.**Note:** The red diagonal line is the ideal predicted curve; the black curve is the actual fitted curve based on the predicted and observed probabilities of csPCa; the light-yellow area is the 95% confidence interval (CI) of the actual fitted curve.

The decision curve analysis is presented in [Figure 5](#F0005){ref-type="fig"}. When the threshold probability is greater than 0.06, both model1 and the PI-RADS v2-based nomogram could offer a higher net benefit than intervening with all patients or no patients. In addition, the net benefit of using the nomogram based on model2 was higher than that of model1 in almost all ranges of the threshold probabilities, and this suggested the nomogram has more advantages in guiding clinician decision-making.Figure 5Decision curve analysis in the validation cohort.

Discussion {#S0004}
==========

In order to reduce unnecessary prostate biopsies and potential overtreatment, we developed and validated a PI-RADS-based nomogram for prebiopsy individualized prediction of patients who suspected of csPCa. The easy-to-use nomogram eventually incorporated four items: PI-RADS score, patient age, f/t, and PSAD, and produced a highly discriminative ability, good calibration, and substantial improvement in clinical benefit.

The csPCa detection rate was lower in both cohort, 28% (165/573) and 26% (67/253), compared to the results in other papers. The main reason is that patients with PSA levels in the range of 4--10 ng/mL in this study accounted for a relatively high proportion, 37.0% (212/573) in DC and 37.55% (95/253) in VC, and some patients with PSA less than 4ng/mL also underwent biopsy and were included in this study due to heavier urinary symptoms or fear of prostate cancer. Due to the low csPCa detection rate of these patients, the overall clinically significant cancer detection rate was low in both cohorts.

As a new form of statistical prediction model, nomogram can integrate various predictive indicators and provide the probability of clinical events individually and accurately via a user-friendly graphical interface. It has been widely used for tumor risk assessment and prognosis. In this study, the novel nomogram achieved commendable accuracy in csPCa detection in both the DC and VC, with an AUC of 0.894 (95% CI, 0.863--0.926) and 0.891 (95% CI, 0.845--0.936), respectively. In addition, either in the DC or VC, the nomogram showed a significantly higher AUC than model1 or any single clinical factors. This is consistent with other similar studies.[@CIT0020]--[@CIT0023] Meanwhile, the nomogram exhibited an effective reclassification improvement in both the DC and VC, compared to model1. This suggested that the combination of the mpMRI-based PI-RADS score and other independent clinical factors is superior to mpMRI or clinical factors alone for discriminating csPCa. By integrating the subjective mpMRI interpretation and objective clinical indicators and exerting their respective advantages, the sensitivity and specificity of csPCa detection can be effectively improved. Therefore, prebiopsy nomogram assessment can help clinicians to more accurately determine whether it is necessary for patients to undergo a prostate biopsy, thereby saving medical resources and avoiding over-examination.

The determination of covariates is crucial when it comes to developing a nomogram model; however, more covariates do not imply greater predictive ability.[@CIT0013] Introducing confounding variates may reduce the accuracy of the nomogram because it might affect other covariates or even the primary outcome.[@CIT0013],[@CIT0014] Before constructing the nomogram, six indicators that were easily obtained clinically and were included in other PCa risk prediction models were selected as candidate variables in this study.[@CIT0020],[@CIT0022],[@CIT0024] Although univariate analysis indicated significant differences between csPCa and non-csPCa for all candidate variables, multivariate logistic regression ultimately determined three independent clinical risk factors for csPCa. The PI-RADS score as a subjective evaluation of prostatic mpMRI has been recognized as a useful indicator for diagnosing csPCa.[@CIT0006],[@CIT0009] Therefore, the nomogram was eventually constructed that incorporated PI-RADS score and three independent clinical risk factors. In addition, in order to ensure the accuracy of the model fitting, 573 patients were recruited in the DC, which is in full compliance with the sample size requirement of the constructing model proposed by Rao, that is, the sample size was at least ten times greater than the number of variables contained in the model.[@CIT0025] DRE did not incorporate in the nomogram, although previous studies have proven DRE was also a significant predictor of csPCa.[@CIT0010],[@CIT0011],[@CIT0020],[@CIT0023],[@CIT0024] Because we wanted the nomogram to be as simple and objective as possible, and DRE is usually performed by doctors with different experiences, which may affect the accuracy of the nomogram if incorporated. Some novel biomarkers, such as HOXC6 and DLX1 mRNA expression levels, were incorporated into the csPCa prediction model and achieved excellent performance with an AUC of 0.90 (95% CI, 0.85--0.95).[@CIT0008] However, these biomarker tests have not been widely used in clinical practice, and few patients accept these tests routinely.

More recently, several prediction models combining mpMRI and other PSA-related evolutional markers have been proposed to predict csPCa. A nomogram integrating the PI-RADS v1 score and PSAD was built for predicting csPCa by Distler et al.[@CIT0020] The AUC in their study was 0.789 (90% CI, 0.760--0.817), which was lower than our nomogram. Further, their study was limited by the lack of an independent validation, which is indispensable for verifying the reliability of a nomogram. This deficiency was overcome in our study, and the VC showed similar good performance compared with the DC. Another PI-RADS-based nomogram was constructed and validated by Niu et al,[@CIT0021] and the AUCs for predicting csPCa were 0.86 (95% CI, 0.79--0.93) and 0.83 (95% CI, 0.76--0.89) in the DC and VC, respectively. However, the enrolled patients were less than the present study in both the DC (573 vs. 158) and VC (253 vs. 89), and even more regretfully they did not evaluate the calibration of their nomogram. Zhang et al developed and validated a prediction model including the PI-RADS score, PSAD, and patient's age to assess the risk of csPCa, and indicated that the prediction model performed better than any of the variables alone.[@CIT0022] However, their model did not present with a nomogram and the diagnostic performance was lower than our nomogram in both the DC (AUC = 0.753 \[95% CI, 0.678--0.828\]) and VC (AUC = 0.834 \[90% CI, 0.787--0.882\]). The primary reason for this might be that, although the PI-RADS score has been determined as the most influential factor in their multivariate analysis (the highest odds ratio), all patients' PI-RADS scores were given by only one urologist by interpreting the prostatic mpMRI. The accuracy and reproducibility of a non-radiologist's scoring results is open to question.

Discrimination and calibration are two equally crucial aspects in evaluating the performance of a nomogram.[@CIT0013],[@CIT0014] Nevertheless, in some studies, discrimination was commonly assessed, while calibration may be overlooked.[@CIT0020],[@CIT0021] In this study, calibration curve was plotted to assess the agreement between the nomogram predicted risk and the actual risk of csPCa. Moreover, we got satisfactory results, with the fitted curve in the DC or VC all falling along the ideal 45-degree line.

In addition to effective discrimination and perfect calibration, clinical utility is also important for assessing the availability of a nomogram.[@CIT0019],[@CIT0026] Therefore, decision cure analysis was employed to evaluate the clinical utility of the nomogram, which measures the net benefit at a series of threshold probabilities and displays them using a visual graph. The results showed that when the threshold probability exceeded 0.06, using the nomogram to predict the risk of csPCa could obtain higher net benefit than treating all or no patient. This implied that using the nomogram developed in this study to assist clinicians in decision-making would potentially improve the patient's profitability.

There are several limitations to this study. First, this is a retrospective single-center study that lacks the prospective multi-center external dataset to further verify the practicality and accuracy of the nomogram. In addition, the PV was measured using a widely used method, according to the calculation formula for ellipsoid volumes, which may not be accurate enough, compared to computer-assisted volume measurement. Furthermore, the definition of csPCa in this study was inconsistent with some others.[@CIT0020]--[@CIT0022],[@CIT0024] Nevertheless, the definition of csPCa has not yet been unified, and our definition is basically consistent with that in PI-RADS v2 guidelines and other studies.[@CIT0005],[@CIT0006]

Conclusion {#S0005}
==========

In conclusion, this study developed and validated a nomogram that integrates the mpMRI-based PI-RADS score and other independent clinical risk factors that can be conveniently applied to prebiopsy individualized prediction of csPCa in patients with high-risk factors.
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